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ABSTRACT 

nerodegenerosyespe- 

Halophytic communities are common within the Chihuahuan Desert region of northern Mexico (Henrickson 
&  Johnston 1997), which are mainly comprised of the families Poaceae, Chenopodiceae, Frankeniaceae, and 

restricted to specific environmental conditions (Herrera 2012), such as species adapted to soils with high salt 
concentrations, basic pH, silty-clay texture, and poor drainage (Rzedowski 1978; Gay & Dwyer 1980). The 

dez-X 1963), which are frequently located at the bottom of closed drainage basins that retain water and inter¬ 
mountain valleys (Rzedowski 1978). 
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The Valle de Janos communities have these characteristics, but also, support extensive areas of arid grass- 

dra (Ephedra trifurca) (COTECOCA 1978; Royo & Baez 2001). Valle de Janos is located in the Chihuahuan 
Desert ecoregion at the northwestern portion of the State of Chihuahua. 

The arid zones in northern Mexico support a high number of endemic plant species (Gonzalez-Medrano 
& Chiang 1988; Rzedowski 1991). Its flora and vegetation are of particular interest since they are adapted to 
specific environmental conditions (Kliem 2000). However, this large region is among the most unknown from 
a floristic viewpoint (Rzedowski 1992). Several studies of the halophytic communities in northern Mexico 
have been completed (Johnston 1939), including areas in the State of Chihuahua such as Babicora (Estrada et 
al. 1997), the central part of Chihuahua (Estrada & Villarreal 2010), Canon de Santa Elena (SEMARNAT 
1997), Campo Experimental La Campana (Royo &  Melgoza 2001), Samalayuca (Enriquez 2003), and Presa la 
Boquilla (Gonzalez 2005). Undoubtedly, the most important one is the flora of the Chihuahuan Desert 
(Henrickson &  Johnston 1997), where almost 150 of the species cited occur in the halophytic communities of 
Valle de Janos, highlighting those belonging to the families Asteraceae and Chenopodiacaeae. Valle de Janos is 
of great importance for natural resource conservation in Mexico and North America (List et al. 2000; Manza- 
no-Fischer et al. 2000), and therefore is a North American Grassland Priority Conservation Area (GPCA) (Karl 
& Hoth 2005). The National Commission for the Knowledge and Use of Biodiversity (CONABIO) has also 
identified it as a Priority Terrestrial Region (RTP-45) (Arriaga 2000) and an important Area for Bird Conserva¬ 
tion (AICAs-45) (CIPAMEX- CONABIO 1999). Valle de Janos is also part of the complex of priority areas in the 
Chiricahua-Peloncillo-Sierra Madre for the conservation of wildlife (Dinerstein et al. 2000). It is noteworthy 
that Valle de Janos has the largest colony of the black-tailed prairie dog (Cynomys ludovicianus Ord.) (Ceballos 
et al. 1993) in North America, which is an endangered species (SEMARNAT 2010). Nevertheless, this area has 
been impacted by anthropogenic activities that threaten the persistence of the endemic flora in these halo¬ 
phytic communities and the prairie dog populations. These communities have suffered a rapid decline as an 
ecosystem over the past 25 years (Ceballos et al. 2010). The main causes of deterioration include livestock 
overgrazing, expansion of mechanized agriculture (Ceballos et al. 1993,2005), and climate change (Pinedo et 
al. 2013). 

To date, there have been no studies that characterize the plant diversity or the ecology for the region. The 
aim of this study is to contribute to the knowledge of the regional flora and plant endemism in the halophytic 

Study area 
The study area is about 116,000 ha and is located in the northwestern region of the State of Chihuahua, in the 
municipality of Janos, 30°54'23"N, 108°38'55"W and 30°53'5r'N, 108°13'58"W (Fig. 1). The annual rainfall is 
306.7 mm with almost 50% of it occurring between July and September. The mean temperature is 16°C (Rze¬ 
dowski 1978). The altitude is 1380-1500 m and the topography varies from flat ridges to low round hills with 

to the Kopeen Classification System (modified by Garcia 1973). The hydrology of the area belongs to the North 
Closed Basin Region, specifically to Rio Casas Grandes Basin (CONAGUA 2009). According to the Guide for 
interpreting soils (INEGI2004), INIFAP-CONABIO (1995) and INEGI (2005), the most outstanding soil in the 
Valle de Janos are Luvic Xerosol (with clay accumulation in the subsoil, traces of lime or gypsum, with very low 
and burdensome physical phase); Haplic Xerosol (with very low organic matter content and very permeable); 
Haplic Feozem (in flat or gently wavy relief, permeable); Haplic Yermozol (thin soil, poor in organic matter 
content, high content in calcareous material, permeable); Luvic Yermosol (with high clay content in the B ho¬ 
rizon, and below this may have calcic or gypsic horizon); Orthic Zolonetz (clayey, with an alkaline, saline 
phase, waterproof, and poor in organic matter content); Orthic Solonchak (clay, high concentrations of soluble 
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Fig. 2. Habitat of Pleuraphis mutica, a dominat herbaceous element in a salt-tolerant grassland escosystem in the Valle de Janos, Chihuahua, Mexico. 
Other dominates include Prosopis glanduloso var. torreyana and Yucca elata. 

Diversity 
The flora of the Valle de Janos is represented by 57 families, 198 genera, and 328 species (including infraspe- 

represented by only one species each. The families with the highest number of genera and species are 
Asteraceae (40,55), Poaceae (29,60), Fabaceae (14,28), and Euphorbiaceae (6,22), and the ten most diversihed 
families include over half of the genera (122, 61.6%) and species (229, 69.8%) (Table 2). The most diversihed 
genera are Euphorbia (14), Dalea (8), Bouteloua (8), Opuntia (7), Aristida (6), and Atriplex (5) (Table 3). Accord¬ 
ing to the plant diversity in Mexico (304 families, 2,804 genera, and 23,424 species) (Villasenor 2004), the State 
of Chihuahua encompasses 37.5% (152), 22.2% (890), and 8.1% (4,035) of the families, genera, and species, re¬ 
spectively. The flora of the Valle de Janos represents 18.8% of the families, 7.1% of the genera, and 1.4% of the 

in the State of Chihuahua. The families with the highest diversity in genera and species in most of Mexico are 
Asteraceae, Poaceae, and Fabaceae (Rzedowski 1992; Villasenor 2003,2004), which in turn, have been used as 
predictors of diversity in this country (Villasenor et al. 2007). The four genera of Valle de Janos (Euphorbia, 
Dalea, Bouteloua, and Opuntia) are also among the 17 most numerous genera of Mexico (Villasenor 2004). Ac¬ 
cording to Rzedowski (1992), the grasslands and shrublands support almost 6,000 species (20% of the total 
flora), and 5.5% of these species are found in the Valle de Janos. 
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Table 4. Comparison of the flora in the Valle de Janos against regional floras of Chihuahua and one area from northeastern Mexico. Numbers in parentheses represent 
the number of shared taxa. 

Central Chihuahua 
La Campana (Chih.) 

1380-1500 

1500-2500 

1550-1950 

174 genera, and 226 species) (Estrada et al. 2010). Both grasslands share Dalea, Bouteloua, Opuntia, Aristida, 
and Atriplex as the most diversified genera, and the herbaceous plants have the highest diversity, followed by 
shrubs and trees. There is a higher plant endemism in the northeast grasslands (17 species, 6%) than in the 
northwest ones (1,0.003%). The influence of the different climate, altitude, topography, soil type, and the pres¬ 
ence of endoergic basins in the northeast grasslands areas have undoubtedly favored this speciation phenom¬ 
enon, compared to the relatively homogeneous landscape found in the northwest grasslands. 

Endemism, growth forms, and flora origin 
From the total flora, only fifteen of the species are endemic to the Chihuahuan Desert, including the State of 

Chihuahua: Matelea chihuahuensis, Opuntia orbiculata, and Dalea janosensis. Dalea janosensis is a new species 
recently described for this area (Estrada et al. 2013) that was discovered as part of this work. It is associated 
only with halophytic communities comprised of Sporoblus airoides, S. cryptandrus, Atriplex acanthocarpa, A. 
wrightii, A. canescens, Prosopis glandulosa var. torreyana, Malvella leprosa, Bouteloua aristidoides, and Ipomoea 
costellata. According to the NOM-059-SEMARNAT-2010 (SEMARNAT 2010), only one of the species, Amoreux- 
ia palmatifida, is protected (special protection, Pr). This species is found only in rocky and undulating ridges 
associated with Artemisia frigida, Sphaeralcea wrightii, Tragia nepetifolia, and Heteropogon contortus. 

The total taxa include five growth forms: herbaceous (163 perennials, 106 annuals), shrubs (25 thornless 
and 8 thorny), fleshy stems (15), rosetophyllous (2), and trees (9). The most abundant annual species in the 

mon perennial ones are Pleuraphis mutica, Sporobolus airoides, Bouteloua eriopoda, B. gracilis, Bothriochloa bar- 
binodis, and Aristida divaricata. The most common annual forbs are Atriplex wrightii, Eriogonum abertianum, 
Portulaca olearacea, Talinum aurantiacum, and Machaeranthera tanacetifolia. The most common perennial forbs 
are Salsola tragus, Machaeranthera pinnatifida, Sida abutifolia, Solanum elaeagnifolium, and Evolvulus alsinoides. 

rocentra, and Echinocereus rigidissimus are the most common cacti. Dasylirion wheeleri and Yucca elata are 
scarce in the Valle de Janos, found only in the most arid areas. 

Several species such as Atriplex canescens, A. acanthocarpa, A. elegans, A. obovata, A. wrightii, Pleuraphis 

where sodium or sulfate salt concentrations are very high. These salty soils are frequent in the north of the 
study area, such as Rancho Las Arenillas and Rancho el Penasco. 

Where there are few hillocks, the topographic diversity highlights the presence of no-saline adpated spe¬ 
cies, including shrubs such as Aloysia wrightii and Baccharis pteronioides; grasses such as Bouteloua curtipen- 
dula, Heteropogon contortus, Bouteloua eriopoda, Lycurus phleoides, Digitaria californica, and Aristida divaricata; 
and forbs such as Artemisia frigida, Sphaeralcea wrightii, Tragia nepetifolia, Commelina dianthifolia, and 
Amoreuxia palmatifida. 

: species (302 = 92.1%) are, by far, more diverse than the introduced ones (26 = 



7.9%). Among the most frequent introduced species are Salsola tragus, Chloris virgata, Chenopodium album, 
Schismus barbatus, Cyperus esculentus, Eragrostis cilianensis, Urochloa mutica, and Mollugo verticillata (see “f  in 
Appendix I). Similarly, the native genera (191 = 96.4%) surpass those introduced (7 = 3.5%). The most frequent 
introduced genera are Brassica, Eruca, Cynodon, Schismus, and Salsola. These elements are very common in 
abandoned fields in the area. The most common growth forms are herbs (269 species = 82%), shrubs (33 = 
10.1%), and trees (10 = 3%). We recorded 76 weed species (23.2% of the total flora), 56 native and 20 exotic ones 
(see “w”  in Appendix I). The most frequent weed species in the area are Salsola tragus, Sida abutifolia, Machaer- 

cillata, Evolvulus alsinoides, and Eragrostis cilianensis. These species are more freqt 
to livestock management (overgrazing) and agriculture (crops abandoned). 

CONCLUSIONS 

Valle de Janos supports rich plant diversity in spite of its relatively homogenous topography. Its characteristic 

ing it the presence of that particular flora. Halophytic communities of northwestern Mexico have higher plant 
diversity but lower plant endemism than counterparts found in northeastern Mexico (Estrada et al 2010). 
When plant diversity of Valle de Janos is compared with several surrounding areas in the State of Chihuahua, 
it is less diverse, since this study counted only the species inhabiting the plains and excluded the oak and oak- 
pine forest. This study detected a large quantity of herbaceous species not recorded previously by general bo¬ 
tanical studies (COTECOCA1978). We recommend studies focused in ecology and exotic species replacement 
and establishment due to soil use and compaction as well as those focused in overgrazing since this ecosystem 
is currently highly transformed by agricultural activities. The most common grasses such as Aristida adscen- 
sionis, Bouteloua barbata, B. aristidoides, Panicum hirticaule, and Bothriochloa barbinodis and some herbs such as 
Sida abutifolia, Machaeranthera pinnatifida, M. tanacetifolia, Solanum elaeagnifolium, and Evolvulus alsinoides are 
disturbance indicator plants and are classified as weeds (CONABIO 2013), coupled with some exotic species 
such as Salsola tragus, Mollugo verticillata, and Chloris virgata (Villasenor &  Espinosa-Garcia 2004). 

The capabilities of the plant species to tolerate drought and salinity are causal factors for the presence of 
species and communities in different habitat, and the minimum xylem pressure potential are indicative of 
drought tolerance, and the minimum cell osmotic potential are indicative of the tolerance of plant species to , 
salinity (Branson et al 1988). Several species found in this area such as Atriplex obovata, A. canescens. Ephedra 
trifurca, Gutierrezia sarothrae, Krascheninnikovia lanata, Larrea tridentata, Prosopis glandulosa var. torr 

ity (Menzel & Lieth 2003); 27 of them are found in the Valle de Janos, and the most outstanding ones in de¬ 
creasing order with respect to tolerance of salts are Atriplex canescens, Sporobolus airoides, Chenopodium album., 
Prosopis glandulosa var. torreyana, and Salsola tragus. At least 60 species found in the Valle de Janos are in 
eluded into the USDA-ARS data bases (Yensen 2013) as salt-tolerant plants. 

The most common forbs associated are Atriplex wrightii, Eriogonum abertianum, E. abertianum Machaer¬ 
anthera pinnatifida, M. tanacetifolia, Portulaca oleracea, Salsola tragus, Sida abutifolia, Solanum elaeagnifolium 
Talinum aurantiacum, Zinnia grandiflora, and several species of the genus Euphorbia. It is common to find 
patches of Pleuraphis mutica in areas where Haplic Yeromozol soils (high calcium contents) are present; it is a 

tant to fire and drought (EISFS 2014). Several arboreal and shrub species such as Baccharis salicifolia, B. saro- 
throides, Platanus racemosa, Populus fremontii, and Salix bonplandiana are frequently found in flat or gently 

tral part of the study area and support mainly Pleuraphis mutica-Sporobolus airoides-Atriplex spp., as well as S. 
pyramidatus. This last species is common in salt meadows in Louisiana (Reid et al 2010). According to Rzew- 
doski (1978) and COTECOCA (1978), the most important grasses in Valle de Janos in the late 70s and early 80s 
were Bouteloua gracilis, B. eripoda, B. hirsuta, B. curtipendula, and Aristida divaricata. This can give an idea of 
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